This paper studies the global practical output tracking problem via state feedback for a class of uncertain nonlinear systems, whose chained integrator part has the power of positive odd rational numbers. Since the power is not restricted to be larger than or equal to one, the linearization of the system at the origin may fail. Nevertheless, it is proved in this paper that, under mild assumptions, globally practical output-tracking is achievable by state feedback controller.
Introduction
In this paper we will consider the practical output tracking problem of nonlinear power integrator systems in the form t z u y z The problem of global output tracking control of nonlinear systems is one of the most important and challenging problems in the field of nonlinear control and lots of efforts have been made during the last decades, see [1] [2] [3] [4] [5] [6] [7] [8] , [10] [11] [12] , as well as the references therein. With the help of the nonlinear output regulator theory [1] , [2] and the method of adding a power integrator [3] [4] [5] , series of research results have been obtained [6] [7] [8] . For details, in [6] , practical output tracking via state feedback for high-order nonlinear systems was considered. Further, in [11] and [12] , the practical output feedback tracking problem was also investigated for a class of nonlinear systems with higher-order growing unmeasurable states, extending the results on stabilization in [13] - [16] . In these works, it is assumed that given nonlinear systems have the first approximation at the origin, i.e., linearizable at the origin.
The problems of global practical output tracking for system (1) were investigated in [6] , [8] and [10] [11] [12] z + = as well as at the origin, hence the design methods in [6] , [8] and [10] [11] [12] does not work. The global stabilization problem of system (1) for 0 i p > (not restricted to be larger than or equal to one) has been studied for nonlinear systems in [9] , [17] . The technique from [9] was recently extended in [18] to the practical output tracking problem for a special case of nonlinear systems (1) (i.e., a lower triangular form and allow for fractional odd powers less than one). However, to our best knowledge, this problem of practical output tracking still remains unclear and largely open for a wide class of nonlinear systems (1) including the triangular systems.
Expanded method to robustly practically output tracking control

867
2
Problem statement and Preliminaries
The purpose of the paper is that let ( ) 
such that (i) all the states of the closed-loop system (1) and (2) are well-defined on [0, ) +∞ and globally bounded;
(ii) the global practical output tracking is achieved, that is, for every (0) 
r r y t y t z t y t
In order to solve the global practical output tracking problem, we made the following assumption:
for a smooth function 
Next, we will present several useful Lemmas borrowed from [4] , [9] and [10] , which will play an important role in our later controller design. (ii) ( ) 
is monotone continuous and satisfies
Lemma6
. Let : 
Global practical output tracking control by state feedback
In this section, we will present a recursive design approach to construct the tracking control for system (1). 
Step. We construct the Lyapunov function as ( ) ( ) A direct calculation gives
Since ( ) r y t and ( ) r y t & are bounded and by Assumption1 and Lemmas1-6, it can be shown that there is a smooth functions 1 1 ( ) x γ% such that 1 1 1 
Define a smooth positive function such that 1 1 
then it follows that ( ) (
Inductive
Step. Suppose at the k-1 th step, there are a 
( 1) .
We claim that (10) also holds at Step k. To prove this claim, consider the Lyapunov function ( )
The function ( ) 1 2 , , ,
can be shown to be 1 C , proper and positive definite with the following property: for 1, , 
Proofs of these properties proceed just in the same way as in the proofs for [4, propositions 1 and 2 ] and [5] where the set of positive odd integers is considered instead of our odd R .
With these properties, we obtain
( 1) ( , , , , , ) x + to be determined later. In order to proceed further, a bounding estimate for each term in the right hand side of (15) is needed. The terms in (15) can be estimated using the following propositions whose proofs are similar to that of [17] and therefore is omitted here.
Proposition1: There exists a positive smooth functions
Proposition2: There exists a positive smooth functions
There exists a positive smooth functions
Substituting the results of the previous into (15) , ,
( , , ) , ( , , ) ( , , ) ( , , ) ( , , )
is a smooth positive function.
Therefore, if we take the virtual control
then, we obtain
which proves the inductive argument.
At the nth step, by applying the feedback control , , , .
Recall that (11) . Then, it follows from Lemma 4 that for any 0 2  1  2  1  2  1   ( , ,, , ) ( , ,, , ), , ,, , , Moreover, we have Expanded method to robustly practically output tracking control
2 ( , ,,
2 , 
and let ( ) x t be the trajectory of (6) with an initial state (0) x . If ( ) x t ∈ Ω , then it follows from (23) that
This implies that, as long as ( )
n V x t is strictly decreasing with time t, and hence ( ) x t must enter the complement set n R − Ω in a finite time 0 T ≥ and stay there forever. Therefore, (24) leads to
which shows n V L ∞ ∈ , and so do 1 x and k U . (14), we have
Inductively, we can prove ,
Thus, the solution ( ) x t of the system (6) is well-defined and globally bounded
Next, it will be shown that
This is easily shown from (14), (25) and by tuning the parameter δ as follows: 
An Illustrative Example
In this section, we give a simple numerical example to illustrate the correctness and effectiveness of the theoretical results by considering the following nonlinear system 
. 
Clearly, the system is of the form (1) and is 1 3 5 p = . So that global practical problem cannot be solved as in [6] and [18] . However, using our design method described the proof of Theorem 1, it is possible.
Our objective is to design a practical output-tracking controller such that the output of the system (27) tracks a desired reference signal sin r y t = , and all the states of the system (27) are globally bounded.
But by Theorem1 and Assumption1, the output y of the system (27) can be globally tracks the sin x is a virtual control and the last inequality follows from the completion of squares, for any real constant 0.
δ > Observe that the virtual controller ( ) 
: . 
